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Applicant^ are aulmlttlngr tbls nimandaent suppleoM&tally 
to their ameiubiiexLt <j»f 17 D»cendMr 2007 la erdMr tot reflect the 
changes in the claia^a a^a dlBeuesed la tAm telephony interview 
between Examiners n^r aod Prouty aad tke Avplieaai^s' undersigned 
attorney. The inteahriew took piece ea 16 «Fanvery «0D8. Aoplieants 
and their undersigned attorney wl^ to thank Exami^s Mear and 
Prouty for granting the telephone iatertriew and fo^ providing 
helpful suggestions for amending the claine to ren^e indefinite 
expressions and to better distingui^ over the cit^d prior art. 

Antecedent basis for the wmehdments to ciaiais 1, 14 and 
26 and for new claisi 2« may be found in the specification on page 
5, line 14 through nage 6, line 21; effid la mEas^le 1 on pages 23 
through 26. Thus cliaims 1 through 8, 14 throu^ 2Q, and 26 through 
28 are now in the application and are presented foi examination. 

Bxaalner Pirouty indicated that she believled that the 
claims last presented were madb. cleaarer tbaA the cljaims as 
originally presented* but that she still wanted add|itional changes 
in independent claiaig 1, 14 and 26. Examiner Prouthr indicated that 
the amended claims 1, 14 and 26, now presented, werja more in line 
with the wording that she believed was appropriate to clearly 
define what the Aeplieants regarded as their invent jLon. The 
independent claim 1 txmr presented make it clear thafc tlie 
reconbinant nucleic acids according to the present invention 
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include at least owie seirine hlot^n^thmsLA gene and i a nucleotide 
seduence encoding ii-sarine defeydrataae , irtiich is partially deleted 
or is mutated, or firagiBeats of tke nuclaotide seqi^anee encoding 
serine dehydratase, flanking tbe 5' and tha 3* ea4 of said 
nucleotide 8eau«i£!«, encoding L-seriaa d€d!iydrata80 to permit 
cosvlete removal of said imcleotide seouwiee, including L-serine 
dehydratase by homiDaogous recoadaiiiaticm, a^d whicli is ea^ressed to 
a lesser degree tliaifr the eaqpressxon of the naturallly occurring SBQ 
ID NOt 1 or is not expressed at all. Claims 14 a4l 26 have been 
amended to maJce it clear that the endogenous nuclejotlde se^ence 
encoding L- serine d6faydrataae no lontiper encodes a protein with L- 
serine dehydratase activity. 

Bxaminer Prouty ^uegtioned whether the A^licants are the 
first, to isolate th« £i-8erlae del^rataee gene f rooln CO£yndDacteriuai 
glutamicuxn and cite4 a Gen Bai^ Referense fron mx^kOiMA published S 
cmne 2002. Ezaminet Weah sent; the undersigned attbmeys a copy of 
this reference by t^^lefaac and A|ppllcaat:s now enclose a copy of 
MAKAGAWA et al to ci^mpl^te te record. 

ifiaeaminer Prou1:y Indicated that mKAOAmi is citable prior 
art^ either per se br in coadblnation with kubova a^d UOVJUQER et 
alj, already of record, Thu» S^Muainer Prouty indicated that 
UAKAGAWA may be antilcipatory of claim 1 and perhaps KAKA6AWA In 
combination with KUElOFA and/^ LOVINCTSR et al provides a strraig 
argument for the obnuiousnees of all claims. 
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Applicants agree only that nMUitXHOm, was the first to 
publish the serine dehydratase seQuencse of Coxyndo^cteriisn 
firlutanlciuii. iAlIb is as assuaed identieal to serine deaminase, a 
term used also for the bsm en^9«« However, SMCAaknA did not 
isolate the serine dehydratase gene<. lOKikQMEA determined the genome 
seouence of C. glut eUad. cum, and amonir the 3909 geneili found, raJCAGAHA 
named one of the genes serine deaminase • ISAKAGAWA i neither cloned 
that gene, nor identtifled its function In aiei enzymi^ assay, nor used 
its secxuence to derlire an li-serlne producer « Rather MAKAOAWA's 
denomination as a L-^iserine dehydratase (or deafliina«|s) was only a 
result of compariso^i with a ccmoiftter with other knc^wn se^enees. 
Because of this therle was no teaohlng aSst&at the function of the 
gene and the corressiiondlng protein becanse .rtel fuaaictlon can only 
be identified fay easiplBrlmente testing the activity off the enayme 
encoded toy the gene, as In an ^siyme assay.. 

So regarding function In respect to the disclosure, of 
NAKAWAQA, it could w^ll be that the gene they inf exjred from the 
gencHoe sequence could have a different function tha|n deaminatlng 
li- serine, or It could even be that the gene was a plseudogene, that 
means fully lnactlve> without function. 

Applicants do not know of any other disclosure in 
addition to NAKAWAOA which gives a^LLtlonal izifo»a|tion about the 
function of the protein disclosed in new state of t^ art cited by 
the Examiner. But Applicants would llfce to e»^hasiz0 that NAKAWAOA 
did not isolate the gene as assumed by the Bacamineri! 
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ThuB Applicants were tlie fifst who ideii1:jL£i«d the 
function of the geae and the correspoKbteat pxoteini. Ttia nteans that 
Applicants were the firet n^o fovmd the main degradation path of 
Zi- serine. 

KOBOTA disclosed an undirected amtaseiaesis to upgrade the 
formation of L-seriAa. 

KOBOTA cd>illained a final o<M&eentration of I.- serine of 
about 13.9 g/1. see the penaltinate line of the abstract. 
LOVIMOER did not diaclose any data for L-serine fo^tion so there 
is no teaching in respect to apgrade the Z.-serine iTormation by 
IXyVXHGBR. 

Contrary to a^ythiaig disclosed in KOBOTJl or LOVXlflCTR, 
Applicants disclose in the preMut application theit the Z.-8eritte 
dehydratase activity is uaeoqEwetedly, co^letely switched off when 
position 506 to 91S of the gmm of l.-8erine dehydra^taee was 
deleted. This eoo^lete absenee of i;.-8erine de^ydratjase activity is 
disclosed in Table 2 page 31 of the mcification i|a c. Glutamicum 
Strain 13032 AsdaA pSMJl9 traasforaad by sveh. a foim of x.-Berlne 
dehydratase missing hacleotides 506 to 91«, it is rjather surprising 
that only a deleti<»i of this part of the gene of Zi-|Berine " 
dehydratase results in a ccnplete deactivation of t^a protein, rox 
this reason the subjiect natter of present claln 26 «uid especially 
claim 27 is espacialiy believed to be surprising aa4 unbbvious, and 
therefore patentable over the prior art. 

The eomplate deactivation of serine dehydlratase in 
Applicants' approach led to a surprisingly high i.-s^ine 
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accuanilation of 35,7 gl* {340 idM) as pu2>li8lied by ^^llcanta in 
Applied and Envlronitentea l Microi:>iolQgnr 2Q07 (73) 7$0-755 (Fig. 4), 
by 8tolz, Peters-Wei^dlBGb, Btterick, Oerbarz, FauHe, Sabn, 
Fereterra and Eggeliiag, a co»y of whiob is enclose^ herewith. 
Should tha Exaainar so raqmtas^ A£9llca&t8 are villiag to nake these 
data of record in a Declaratioa u^der 37 CFR 1.132^ Once again, . 
KUBOTA, according to the abatract on the first pag^, obtained in 
his approach a final ii-serins coBcentratloD. of 13. d g/l, a far 
lower concentration* 

Since l^pliicaats'' deletion of only a parti of the I.- serine 
dehydratase gene acoording to present claims 26 27 results in 

a higher yield of It-^mriae than the L-serine yield ias disclosed by 
KUBOTA using undireckced mutagenesis, then one woul4 reasonably 
expect that a comple»te deletion of the serine defa|ydratase gene 
will also result in a eurprisingly better yield of ili-serlne than 
the L-serine yield as disclosed by KTOOTA. Thnm the! remaining 
claims, and especially new claim 2« are believed to be patentable 
over the cited prior art. 

There is no correlation drawtt between SBQ| ID BiOs 141 ■^^'^ 
SBQ ID NOs 142 disclosed in wo 01/00S43, cited in t>ie International 
Search Report and the International Preliminary EaEat»ination Report 
<2arried out by the Kiiropean Patent Office in the cojrrespondlng 
European Phase of th^ Instant PCT asipllcatioa, and the enzymatic 
activity of L- serine ddiydratase. Copies of the both the 
International Search Report and the International Preliminary 
Examination Report h«.ve been of record in the present 

- 13 - 
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application. FurtbeDinora, tlMure is also no correlatticm dxaim 
between SEQ ZD siOs Il41 and CTQ ID MOs 142 disclose^ in WO 01/00843 
to L-serine degradatiioai. 

Xn respect to patentability oirer the cit^ prior art, 
Applicants maintain ^tlM £ollc»riB9$ 

KOBOTA is tbe closesit prior art to be considered, because KtiBOTA 
teacbes tbat L-serinie d^ydratase catalyses tbe desfradatioa o£ 
If-serine. It is disclosed KOm/m In tbe abstradt tbat tbe 
Xi-serine concentration can be increased to 13,9 g/lj tbrougb 
nutagenic tecbniquee';. ^ilils Is a result of an undireicted mutagenesis 
of cells of Coryne3>acteriua glycinopbil\in« Katated Icells of C. 
glycisQxAilum turned- out to ba^e sotiMwbat reduced sierljiie 
debydratase activity. OSkere is no teacbing ^>out a jdirect: metbod to 
influence or even to eKclude degradation of L- seriate by Zi- serine 
debydratase. Tbus even aft:er kubota, tbe prcdblem rejnains to find a 
method fiuid substances wbicb allow a ccoqplete prevealtlon of ti-serine 
degradation. 

Applicants have solved tbis prcd^em by prjeparing tbe 
recoBibinant nucleic ^cid accordiaa to claias land 216 and tbe claims 
dependent tbereon, afd a nicroorganlin as claimed i^ claim 14 • Xn 
a special feature of tbe invmtion according to claijn 27, a 
deletion of position 506 to 918 of tbe nucleic acid^ results in aa 
complete prevention i^ tbe li-serime degradation by L-serine 
debardrataae. Zn another special feature of tbe present invention, 
according to claim 218, a complete deletion of tbe polynucleotide 
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expressing L-seriM <S«taySrata8« result« also la 4 oonplete 
vravmt.i<m of li-sea^iae ddbydratase aetl-vity. 

In KxmoTA tliere la ao dlseloaura or sua^stion of hoir to 
comipletoly ellnlnato tHe aetlvlty of L-aerlae Oaiiaidrataae and liow 
to completely pravefeit the dofsvaidatloa of L- serine., •Phere Is In fact 
no disclosure of the polyniaeleotlde wbl^ Is reapo|nsil>le for the 
degradation of L- serine. 

LOVING^ does aoit disclose a <ii:wBtltati-vle result In which 
activity of li-serlae dehydratBM Is ^creased. Vhejre Is also In 
LOVINGKR no dlsdostee of the nucleic acids which jsire responsible 
for the degradation of I.- serine, with both KQ9OTA hnd LOVXSCTR in 
hand, one "skilled in the art" would be unable to ^ievelop strains 
and methodology to increase ];.-seriae fomatlon usihs 
Corynebacteriwn as the source of the I.-serine blosynthesase by 
achieving a reduoed degradation of the l.-merLam produced by 
completely elimlnatilng degradation of the l.- serine by the activity 
of li- serine diAydratiase . 

Neither KXtBOTA aor X^OVXIK^ nor the coodalnation thereof 
discloses or suggestos that the polynucleotide aeco^^ding to SBQ ID 
NO I 1 is responsible for eagpressing the X>serlne dehydratase that 
catalyses the degradatlcm necbaalsra for degrading zk- serine to 
pyruvate. 

OShas the poreaeatly elalsMd Invention is both ncyvel and 
unobvloua over the oostibinatloa of XTOOVA and I<OVIIK^.. 

Regarding Iro 01/00843 there Is no dlsclofljure of a 
function of the dlseaosed sei^ueaees. Indeed Table 1 of the 
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reference shows the seweoices tt^t ejqpress L-eerlsie dehydratase. 
But this is just a result of sequence coBBparlsoiL vtla caii«mt:sr. The 
real function of a polynucleotide ea^a only be ideajtified by 
experiments testing the act:i^lty ©£ the ensyne enck>ded theretv# as 
in an enzyme assay, wo Ql/0(»843 discloses only thje result of a 
genome se^ence det^rminatliM approach and no singp-e gene vas 
isolated or Its activity assayad. Because of this, there is no 
teaching in WO 01/0<^843 about applicability of that disclosed 
sequences for reducing or eliiftinatlag Zf-serlne dehydratase activity 
which is the result of ea^erieacias. Thus a deletion of a 
particular fragment of the It-serin^ deyhdratase ge^, especially 
positions 506 to 91^, or even tlw entire ^.-sexine dehydratase gene, 
as presently claiae4> is both novel aaod uncftyrious 4y7er any 
combination of RtmottA, LOVXVGBR, «0 01/0««43, and/^r lUkRIkGMtA^ 

NAKAGAWA Was the first to pidblish the serine dehydratase 
seguexice of Corynebacterlum glutamicum. This is as -assumed 
identical to serine deasiinase, a term used also fo* the same 
enzyme. However, NABIagaka did not isolata the serine dehydratase 
gene. NAKAGAIfA detenmined tlm genome sequence of glutamievm, and 
among the 3009 geneis found they found one which termed terine 

deaminase. They have neither cloned that genor nor identified its 
function in an enaystie assay, nor used its sequence to derive an 
L- serine producer, sqather t^e deniomimation as a £i-a|erine 
dehydratase (or deam&naM) was just a result of coi^parison with a 
computer with other ihaoown sequences o Because of thija there was no 
teaching about the ftLneticm of the giane the corlresponding 
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protein because real functloa eaa only ba id^tificid by experiments 
testing the activity of the Mizyme enooded by the .fifene, as la an 
enzyow assay. 

So regarding fuactloa in respect to the d|l8clo8ure of 
NAKAWAGA, it could wijall be that the gene whose sequ|ence they 
inferred from the geticme se^eace could heire a dlf fbrent function 
than deamlnatiag li-sMrlne, or it could evea be that; the gene was a 
pseudogene gene, that mea^n8 fully Inactive, without: function • This 
situation is coa^pletely analogous to the disclosure! of WO 01/00843. 
So the person "skilli^d in the art would not be motlhrated to delete 
the gene encoding for '"li-swiae dehydratase" as dislclosed by 
KAKAWAGUIW because the real functloa can only be idenjtif led by the 
experiments testing the activity of the enzyme encoded by the gene, 
as in an enzyme assay* 

Because there is no teaching about the fujnctioa of the 
gene disclosed by miMmBK, there is am Inventive step over the 
combination of kdbO^a, LOViiiGiaa, nakawaisa and wo 01/00843. Once 
again, it was especl4tlly surprising that a deletion, of only the 
nucleotides in position 506 to 918 of the l«-serine dehydratase gene 
results in aa complete inaictivatioa of the £i- serine according to 
claims 26 and 27. 
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Applicants bellere tliat all claime novr plresen^ed are 



all^able over the cited parior art and a reapoxiBe Ito that effect is 
earnestly solicited^ 



20 February 200B 

5683 Riverdale Avemjie Bok 9%<i 

Brozix^ m 10471-090i0 

Cust. Mo.t 535 

Tell 718 S84*-6600 

Paxs 718 601-1099 

Bmaili m^ll&^^rp^ ^ ,ifffm 

Enclosures t 

Applied ami Saviromiieiita l Kigrobiologir , 
Feb. 2007, pp 750 to 755; and 

BAB99038, Haka^awa, L-Serime Dewlnase, 5 O^e 200^ 



PACE 19/27 » RCVD AT 2/20/2008 2:40:33 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-4/12 * DNIS: 2738300 « CSID:718 601 1099 * DURATION (mm-ss): 12-40 



Respectfully submitted, 

Km^m Ross P*C« 




18 « 



Feb 20 2008 2:58PM 
01/19/0$ WED 11:59 FAX 

NCBJ Sequence Viewer v2.0 



KARL F. ROSS PC 



718 601 1099 




a Protein 



Gt»norne 



PMC 



Search ff^teirr 

Limitd Prevlow/lndex History 

Display IpenPept 2^ Show|5 ^^iJf ^^^^ M 

Range: from J?>eSin . ; to [end" 



Clipboard 



TDxurtoniy 

details 



P-20 

Page 1 of 2 

My NCBt 

LSiflCLlnJ [Rpsislsd 



ril! BAS55018- Reports I^serinedeammas,..tEi:213244141 
Comment Fe§|yje§ Seq ue nce 



j..oc:ur> 

DEP3NITT0N 

ACCESSION 

VERSION 

DBfJOURCE 

KEYWORDS 

ORGANISM 



RJSFEBfcNCE 
AUTHORS 

REFERENCE 
AUTHORS 

JOURNAL 



COMMENT 
FEATURES 

?TOlJXC€i 



Protein 



BAHSJ9038 419 act linear OCT 05-JUNr20C2 

T>-5eri.nfl deaminase { Cojrynebacteriuxu »jluts.ifticwri ATCC MO:^:^) . 
BAB 990 38 

BAB99030. I C;i:2l3244l4 
accesBlon AP00S279 . 1 

Corynebactcrium glutamicum ATCC. 13032 
CorynebactHrimu q 1 at arnipuir^ ATCC MVXyP. 

BftC:t.eir rirTnlcutfts; Ajctinobacteria ; Actinobacteridae ; 
Actinomycstales; Corynebacterinede; Corynebacteriaoeoe; 
Co r y 0 e bei I; ft rl lira . 

1 ■ - 

Complete genomic sequence of CorynebacnerliaTn glutamicun atcC 13032 
Unpublished 

2 (rssid'-iBH I to 4 4 9) 

Oircct Siabmifscion 

Submitted (24-MAY-2002 1 Satoshi Wakagawa^ Kyowa Hakko Koijyo Co, 
ht<Xi, Tokyo Research l.6»boratc>r.ler.; 3-6-6/ As5>h j.-mochi , Machicia, 
Tokyo 194-6533, Japan CE-mail : srvakagawatJxanaqeh, com, 
TeJ :^l]l-44-yZ9-3031/ F^X : HI -4 4-«ir^-i€5.t ) 

This Bequence is conducted by collabora*: ion of Kyuwa Hakko Kogyo 
Co. Ltd. And Kita^ato Uhivcr.nity. 

Location/Oualif iers 

.1 . . 4 4 9 

/or9anxSin""Cor yiiebaci:er:i.um glutamicu^i ATCC 13032'' 
/sti'ain=*»ATCC 130:H2*' 
/dh_xrr:^.t-"t?kXOnr 19fi6^^^^ 
i . . 4 4 9 

./product^^I.-se.rinft dRam."* nose" 
/EC numbg>r'^" 4. . 1 . 13 " 
4. .139 

/regi.on_nainf5 - "SDK_beta" 

/note="Serir>e <!)«nyrirr:stOfic bv9r..i rholn. L-serinc aLihydr,irftanc 
(EC: 4 .2 , 1 . 13^ a louiid as a lietercKiiirner of aljpha and 
beta chain oz as a fusion of the two chains in a .singlie 
protein. This linzywa catalyaes the- cleamination ot sariine 
tu form pyruvate; arnO? ?1 5 " 
/rth xrgf^"CDD! $6g»5ft -' 
161 . .139 

/region^name ■- *' SdaA** 

/riote-"yj-3exirt© deacoirtetse [Am.lrto ^ic.id trsinaport <iincl. 
metabolism] ; COG 17 60" 
/CSb__xro.f=»'CO."): 3J,9«i fji" 
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/ re giori_naroe» DH _ a .lp1^»"j •* 

/^Ot".o="nr.rinft dehydratase cilphfi ch^.lri . L-5;erine 
dtthyUratai!*!^ [EC: A .'^ . l , 13} is n found as a he^terodimer of 
ci.lpho /nnri bfitiA chain or as a fusion of, the two choin/j- in a 
single protein. This en^.yma c^ti^Xysca the deamlnation- of 
berine Lo forn» pyruvate; pfam0332:i" 
/dh_xrc f- «CDD : 66956 " 
CDS 1..449 

. /coded_by--''Ar005279. 1 : 7373<l 75083" 

/;ioil;e-'*TTC;R0Q71H : cdri aipha: L-scrin© dehydratase, 
iron-fi5ulfur-di«ipttndeAt , «i,1.pho isuhyn.'.t 
TIC.R00720:sda^roono: L-serine d»hydr«tasi?5, 
lror\-sulfur-<iitipendenL, Single char^.n form" 
/hran.Tl^tabliS"!! 

ORIGIN 

1 maiswdifs lgi<jps33ht vqpmraoil.ty i.iefpsshvd itlhgsiaat gkqhctdrtiv 
61 llglvgwftpt Ivpidaapsp gapipakgsv nqpkgtvsys Icfciphpipe hpnav/lfkgis 
121 ttrtylsvgg g-fimt l*4df r klddig^jgvs tihpeaevpc pfqk.53qi).a ygrdJoevrnk 
dn^^r.lj.hgdl gtvdahidrv wqiimqccvaq giatpgilpg glnvqrrapq vhalisngdf: 
241 celgadldav ewvnlyaldv neu|naa9grv vtaptnoaa^J iipoivmhyt^r cUf Itgf goi^q 
301 ^'-'rt riyt lugii vglt Ikcn/j^ .i.^si^r-iGvgcqg cvgsasanaa aglcavlggs pqqvenaaei 
361 alehnlgitc dpvgglvqip ciecrnaiaaxtt ksinaarlajt iodcj/inrvsl cicJ*/ wtmadi: 
421 orclmlt);ykf» t^lgglottl g.tpiv.9Tntoc 
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The amino acid L-seiine is required for pharmaceutical purposes, aad tlie availability iof a sugar-based 
microbial process for ito productj|an Is desirable. HovreyeF, a number of intracellular utUlzatl0n routes prevent 
overproduction of i^serine, with: the essential serine hydraxymethyltransiterase (SHMT) i^J^) probabty occu- 
pying a key position. We found tlijat constructs of Corynebaeterium ^tOamieum strains where dhromosomal gfyA 
expression is dependent on a^dbicl*^ are onstable, acquiring mutations in facJ*^, for instajncerTo overcome 
the inconvenient gfyA expression <contra], we Instead considered controlling SHMT activity by the aveilafailily 
of 5,6,7,8-tetrahydrofblate (THF); The pahAB and pabC genes of THF synthesis were identified and deleted in 
C. f^utamicum^ and the resulting Strains were shown to re<|uire folate or 4-aniinoben2oate Forj growth. Whereas 
the C gtittamicum AsdaA strain ipserACB) accumulates only traces of l- serine, with tl^e C. gtutajnicum 
ApabAB CXsdaA strain i^erACB), i^serine accumulation and growth responded in a dose-dependent manner 
to an ejctemal folate supply. At Oil mM flolate. SI mM L-seiine accumulated. In a 20- liter coii trolled fed-batdi 
culture, a 345 mM L-serine accutiulation was achieved. TThust an effideat and highly compc|tltlve process for 
miorobial L-serine production is available. 



L-Serine is a noDessential amino acid but plays an important 
role in stabitizing the blood sugar concentration in the liver 
(16). It relates, furthieraiore, to many other substances, includ- 
ing sphingosine and the phosphatides, which are part of the 
myelin covering of the nerves, as well as the formation of 
activated Cj units used for a number of anabolic processes 
(20). Therefore, L-serine is present in selected infusion solu- 
tions and also has other applications. For instance, it is an 
ingredient of skin lotions to ensure a proper hydration statas. 
The total annual demand for L-serine is estimated to be 300 
tons (5). 

The production processes currently used stilJ rely on the 
extraction of L-scrinc from protein hydrolysates or from mo- 
lasses, as well as on the enzymologicaL conversion of glycine 
phjs a C] compound, HIce methanol, to L-serine. The latter uses 
the re\'erse reaction of the serine hydroxyraelhy]transf erase 
(SHMT) (6). Thus, an enzymatic system has been designed to 
convert glycine plus formaldehyde to L-serine (4). The cellular 
systems assayed employed, among other things, resting cells of 
methanol-utilizing bacteria, such as Hyphomicroblum methylo- 
vorunu where L-serine formation from glycine plus methanol 
was achieved (6). In such a system, up to 45 g hter "' L-serine 
accumulation was possible^ but only at a g^ine yield of 50%, 
thus making the system less attractive. Also, alginate-en- 
trapped cells of Corynebacterium gjfycinophdum were used for 
L-seiine formation from glycine (21). It is self-evident that it 
would be most profitable to directly convert cheap sugar into 
L-serine. Although microbial processes for amino add produc- 
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tion are in general advancing quij^kly, attempts to develop 
L-serine producers have as jret yieldtd merely strains that form 
traces of this amino acid (7, 25). 

We are engaged in exploring tl^e production capabilities 
of Corynebacterium glutamicum, including flux directions, 
flux quantifications, and metabolite export, with the focus so 
far on i.-lysinc., L-isoleucine, L-va|ine, L-lhreonine, and d- 
pantothenate (2). Due to the apparent lacX of a convincing 
strain for L-.serine formation, we nccently also explored the 
metat>olism of thi.s amino acid in C. glutamicum.. We studied 
in detail the 3-phosphogJy cerate d]ehydrogenase, SerA, cat- 
alyzing the initial reaction of th|e three-step pathway of 
L-scrine biosynthesis (13). As a ifcsult of deletion of 197 
amino acyl residues of the carboxy^^ terminal end of the SerA 
polypeptide, the 3-phosphoglycerate dehydrogenase actiWty 
is no longer inhibited by L-serine. Furthermore, we identi- 
fied a high capacity of C glutamicum to degrade L-serine, 
which is strongly reduced upon deletion of the sdaA-en- 
coded L-serine dehydratase (1 1). Degradation is apparently 
u key issue in microbial L-serine formation,, cettainly with 
respect to the central role of this amino acid in metaboiism. 
This agrees with the obseivation that overexpression of en- 
gineered serA together wit}i serB and serC in C. glutamicum 
yielded only traces of L-serine (14). However, when the 
L-serine dehydratase gene was additionally deleted, a tran- 
sient accumulation of up to 16 mM was observed. A further 
and substantial increase of up to !86 mM occurs when the 
SHNIT activity is reduced^ apparently by reducing L-serine 
degradation to glycine plus 5, lO^m ethyl en e-tetra hydro fo- 
late. Since the ^/yX -encoded SHMT is essential (14), a re- 
duction of SHMT activity was required by a controllable 
promoter integrated in the chrolmosome. However, this 
strain is inconvenient, since it reclLiires the control of iso- 
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TABLE }. Strains, plaMnicb, and oljgonuc^teotidcs in this study 



Strain, plasniid, or 
ollgonuclccjtldc 



Relevant cjiQTactcrisiics or sequence 



Source, reference, or purpose 



C. gtutamicum $iraifi$ 
ATCC 13032 

l3032A*da/4::pKl8mot«fy4 ' 
ipserACB) 

WTArdaA ^pabABC 

ipserACB) 

Plasmids 
-pserACB 
pK\9mobsacB 
pmiSmohsacBpabC 
pl^9mo\>sacB-pabAB 
p}li\^o\}sacB-pahABC 

Qli^nucleotides 
pabAB-del-A 
pabAB-deUB 

pabAB-del-C 

pabAB-del-D 

pabC-del-A 

pabC-del-B 

pabC-del-C 

pabC-del-D 
pabABOdel-A 

pabABOdel-B 

pabABC-dei-C 

patABC-del-D 



WT" 

WT with sdaA deleted, regulatable giyA^ and overexpression of 

jer/<(fbt), serBy .ycrC 
In-frame deletion of sdaA 
In-frame deletion of sdaA and pabABC 
In-frame deletion of s4aA and pobAB 
In-frame deletion of sdaA and pabC 

]n-frame deletion of t^iaA, and pabABC, owrracpreBSion of 
scrA(j^t)^ serBy set'C 



pEC-TlSmobZ, Tet\ oomaining i;c;>4(fbr), serC, and serB 

Km'; mobilizable (orrT); oriy 

Vector ealabllag deletiOD of 585 bp ci pabC 

Vector eniabilng deJetJoo of 1,734 bp of patAB 

Vector eivabling deletion of 2,475 of pabABC 



5--cgggiatcctcaooctcocacgttggaogg-3' 
5'-cccaixx::actaaacttaaacaaaacgtgaaagaat 

CAT.AATT-3' 

5'-TGTTtAAGTTTAGTGCATGGGGAGTGGGAGC>AAA 

TCCGCOTT-3' 
5 '-GTGGATCCGCCCAAA.ACACCACGGTGGCGT-3 ' 
5'-GAGGATCCAATCATTGCrGAGCrGCGCAG-3' 
S'-CCCATCCACrAAACTTAAACAATCAACAACrOTOG 

GTt3TtGA-3' 

5 -TGrrrAAGTTTAGTGGATCGGTCGGTGAAGCCCTG 

GAATGAA-3* 
5'-AaOGATCCarrGATOAOTCCGATCTCGGAA-3' 
5 -CGGGATCXnX:AGGCrCGCACX3TrGGACK3G-3' 

5-CCCATCCACTAAACTTAAACAAAACGTGAAAOAAT 

CATAATT-3' ; 
5 ^TGTti'A AGTrTAOTGOATQaO TCGGTGAAGCCCTG 

GAAT<lAA-3' 

5 ' AGGO ATCCGTGATGAGTCOG ATCrrCGGAA-3 ' 



CuIlut|& collection 
P. Petitrs-Wcndisch 

P. Peters-Wendisch 
'DiiR iMork 
This \viork 
ThiB tRjork 
This wjork 



P. Peters- Wendisch 
A. Tai^cli 
Tliis ^ork 
Tliis wjork 
This wiork 



Pritnetf for 1 »734-bp pabAB deletion 
Primer for 1 ,734-bp pebAB deletion 

Pritner for 1,734-bp paf)AB deJeiion 

Primer for U734'bp pat>AB deJciion 
Prime4 for 58S-bp pabC deietian 
Primer for 585-bp pabC deletion 

Primed for 585-bp pabC deletion 



Primer for 
Primer for 

deletion 
Primeij for 

delepion 
Primeif for 

deletion 
Primer for 

deletion 



585-bp pabC deletk)n 
2»475-bp pahABC 

2,475-bp pahABC 

2,475^p pahABC 

2,475-bp pobABC 



" WT, wikJ typa 



propyl-thio-^-D-galactopyranoside for production and tends 
to be unstable. "We here describe our successful attempts I0 
further improve the strain and to control the essential 
SHMT activity by a norvel physiological approach. 

MATERIALS AND METHODiS 

Bacteria^ plesmkts, and growth. The hacterial straini»and pla»mid% used m th}^ 
work are listed In "Hible 1. Luris-Bertani medium (9) was used as the siondard 
medium for Escherichia cotf. wfaiie brain heart Inftision medium (DJfco) was used 
9iA comp'ex medlutn for C. ^utamiatm. As mhiinial rrtodiutn, OOXTI was used 
(2), widi 40 g liter"' gluossc as a carbon source. Wb<m appropriate, growth of C 
^uiom/cMm strains was with kanqiuyciD (25 figroJ"*] or tcti^cycJine (5 jtg ml"*'). 
£. cod grown at JTC and C. ^utamiuun at SOfC in 50 nil to lOO ml medium 
in 5D0-nil baffled shake flaskt with 12Q-rpiti agitation with orbital shaking at a 
radhtt of 12.3 cm ai lSO?& humidity. Growdi of C g^utamicum 13032AiieitL4:: 
pKlSmob^liA' was always in the presence of lumamydn. All production ciqKu*- 
imcnts were done at least twice with (ess thco 10% v^o^iatioo. 

Cottsinicdon of plasnilds and strains. Plasmkls were constructed in E. coti 
DH5aMCR from PCR^generated fr^gmenty (Expand High Fidelity PCR kit; 

Diagnostics) by using C gtutamicum ATCX 13092 DNA as a template. i£. 
caU vmt iranKformod by the RhO^ method and C fjfuiamicum via electropuTHtion 
(22). Hcxnotugous le combination and seleclinn fi>r gene deletion in C giuiaml' 
am\ weie done as described previously (18). Alt consUucted plasmids wet« 



scqucriocd, and dll lran2di.>rmjntti were unatyfDCd by plasm id analysis and PCR 
with appropriate primers. 

To Qm3o\'ipahAB deletion. pKIDmobsttc^^Mf was conitructcd (8). Foi this 
purpose, primers pahAB-dcJ-A And pab AB-ddt-B were used to amplify a 563-bp 
fragment of the 5' cod cFpaMB jind primers pabAB-dcl-C and pobAB-dc!-D to 
ampJI^ a S28-bp frajpmcnt uf ihc 3' end oipabAB. The ccsulling PCR fragments 
wca-e used in a second PCR wj± pahAB-dci-A> and peibAB<lcl»D aa primers. The 
lej^Uing 1,12Z-bp rragmcm v^as Ugalcd iutoithc BamHI restriction site of the 
ixiobili:i!:abk S. c^ii vector pK19niohyac2). leading to vK19mobsacB-pahAB. This 
wQs used to replace tho intaci ctuomosoinail pabAB genes in C ^tuiamicum 
ATCC 13032 with the tTuncAii:d pahAB ecncfti. resulting in strain 13032d^MiMB. 

Similarly. pK19moht£i<;3-|wM7 <«as made fdr pabC deletioti. Li tbe Arsi PCR, 
primers pabC-dcl-A and ptibC-dcl-B were ikscd with pabC-Ud-C and pabC- 
dcI-D, respectively. The resulting I>NA was usbd in tho second PCR with primers 
pabC-dc!-A and pabC^dcl-D, and the rcsuluitig 1,178-bp fragmcnl m& ligatrd 
into the BamHI .site of pKI9cnubjac£ to generate pKlSbnotuTic^/MbC. This v^as 
tiscd to generate 13a32^p06C. 

Plusmid pKI9mi)tivacS<j»MJ9C was made in a sirwilar manner. In the first 
PCR, piimcrs pahABC-dcl-A aiid pabABC-<i4J-B used with pabABC-dcl-C 
and pabABC-dcl-D, rcspcciivciy. The ampliincafion proJuci was ujed in the 
second PCR with primoru pahABC-dcl-A and pahABC-dcl-D, and (he resulting 
l,J69-l>p fragment wauligatcd ir.lt* the BamHt site of pKlt^mohwcff to generate 
^YA^mJasGcB-pabABC. This wbh used tucunstroct Ktrain T3U324:^M^C. 

Prodnct formallait. Por fed-hatch fiermentationK, a ZO-liter stirred-Cank reactor 
(Bioenginccrlng, Wald. Switzerland) was used. CeliH were preerown in nhake 
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flasks in 160 zdI COXEI up to an opCicaJ density of approximately 6 and vised to 
inoculate the reactor, containing 8 liters of medium confiisling of U.2 g liter"* 
dtrlc Qcid, 0.3 g litcr"^ MgSO^ • THjO. 4.S g liter-' H-JPO^ (85%). $4 oig mca"" ' 
M^O* H^O, 40 mg Htcr"' FcSO^ • TH^O. 97 g liter" ' com steep liquor 
(Africjir Products, Ltd., Sendow-Ti. South Africa), 15 g lirer" ' gJucosc, 15 g liter"' 
fructose, tetracycline (5 mg liter" hioim (2 mg liter" and 0.4 ml ontifnain 
(Durapol 3000; Dow Pliistics.). The fe«d medium ootuaincd 350 g Hter"' glucixtc 
plus JSOglhcr"' fhjctODe. ForpH control. NHj (25%) and H3PO4 (I M) wen 
used. Tfie feed Muncd after the residual sugar concentiutmn was <10 g Hier"'. 
which WRB adjusted to an uTnovnt which provided a cuTiutaiit relaxton between 
KubKtraic and onygen uptake. Temperature^ pressure, pH, dissolved oTygen. 
comumption of antifoais, acid, and base, substrate txiiism, oxygen, mass of fcr- 
mcatntion broth, and evolution of COz were recorded Online. 

Analytical method*. Amino acids in the culture supernatant were determined 
by Tevcrs:d-phasc liquid chromatogfaphy after dcrivatiMtlon with f»rtft£»-pbthnl- 
dialdshydc. Glucose end fructose were deiermined via reversed -phase liquid 
chromatography (Dioncx. Suim^vaJc, CA). and faiomasawas uioDitorod by Cakini; 
optical density mcastiremonts (600 not) or by usiDg & dry ocll weight balaocc 
(Sartorius. Goccdngen, Ccrmajty). 



RESULTS 

Stability of reduced gfyA expression. We previously found 
that for high L-^erine accumuJation, among other aspects, a 
t&duced SHMT activity is necessary 04). This was achieved bj' 
plada^ in the chromosome the SHMT-encoding^fyyi gene under 
the control of P,^^, thus greatly reducing the SHMT acliviTy if 
no isopropyl-thio-^-D-gaJactopyranoside is present. This leads 
to high L-serine formation while simultaneously reducing 
growth of the 13Q32AsdaA::pKl8mQbgfyA' (pserACB) strain. 
We nevertheless found that of 17 fermentadons on the 2D-Iiter 
scale, only 4 displayed the expected high L-serine formation. In 
order to identify the reason for this appacent instability, the 
strain was cultivated in brain heart infusion medium on a 50-ml 
scale without isopropyl-thio-p-D-galactopyriuioside and inocu - 
lated six times in series in the same tnediutn, with each culti- 
vation lasting 8 to 15 h. From the final culCqre, single colonics 
were derived and 10 of them analyzed by PCR with primer 
pairs amplifying the gly/i locus as present in the wild type. 
Surprisingly, in one clone the wild-type situation was restored, 
indicating reorganization of the chromosomaJ locus of the 
engineered strain. As a ftirther means of characterizing the 
culture, from another 10 single colonies, prrnier pairs amplify- 
ing the^;;^ locus as present in the engineered strain were used 
to derive sequences of a 975-bp fragment encompassing P^^ 
and parts of the repressor LacI'^. In three dioneSr the identical 
transition of C to T was detected, resulting in the exchange of 
. Ala in position 13 of the LacI'^ repressor for Thr. In one further 
clone, Twas mutated to C in sequences upstream of UtcP*^, For 
a further confirmation tn two clones wiih itiutated LacI**, the 
SHMT activity was determined. It wa.s 48 and 40 omol min~' 
mg (protein)" respective^, instead of 8 nmol min^ ' mg (pro- 
tein)""' determined for the control. Altogether this shows tliaL 
the strain with SHMT activity controlled by P^^, is explicitly 
prone to chromosomal mutations and rearrangements, thus 
making the strain utuiuitable for large-scale fermentations. 

Analysis of the gfyA locus. Requiring a more stable and 
convenient strain, we searched for an alternative for control- 
ling SHMT activity. Since SHMT activity requires pyridoxal 
5 '-phosphate as well as 5,6J,8-tetrahydrofolate (Fig. 1) to cat- 
alyze L-serine conversion to 5,10-methylene tetrahydrofolate 
and glycine, we considered controlling SHMT activity with a 
limited supply of cells with 5, 6,7,8- tetrahydrofolate. A genome 



g/yA f>&hAB pabC 

NCgl0964 NCglOdSS KICgl0956 

Chorismate 

I Amlnodeo^jcychorismate 
^ synthase. psAAB 

4-Annlno-4- 

d€toxyGhortsrrwrte 

I Aminodeo>ityGi^rismat& 

4-Amino-benzoate 



5:6.7,8-Tetrahydrofolate L-Serine 

C-^\^ Serlrw hydroxy- 

jC^ methyltransfenase 
-^--"^^^ glyA 

5. 10-Wethy tene-tetrah/drofolatei Glycine 

FIO. 1. SynThCKis of letrahydrofolalciand its linkage to serine hy- 
droxymethyl transferase. Ar Aft top is s(iown the genomic region of 
C gjiutamiciim encompassing nucJcotides 1051865 to 1056075 of NC_ 
006958, including ^/4»pa6y4B, and pabC. Below are shown the corre- 
sponding enzymatic steps of tetrahydrofolate ^nthcsis (simplified) and 
methylene tetrahydrofolate synthesis. 



analysis revealed two open reading filames at the 3* end of 
. (NCgl0954) and transcribed in the same direction, putatively 
involved in tetrahydrofolate synthesif; {Fig. 1). The N-terminal 
part of NCgl0955 shows strong sej^uence similarities (43% 
identity) to the po/rz-aminobenzoa^ synthase component I 
• (PabA) of E. coll, wherea.s its C-terjmina] part resembles the 
/ww-aminobenzoote synthase ooropdnent n (PahB; 38% iden- 
tity). Apparently, in C glutumicum bbth polypeptides involved 
in the synthesis of /Tara-aminobenzoalte are fused, which is also 
^■he case for Corynebacierutm tfficitfns and Coiynebacterium 
diphtheriae (not shown) but not in ^he related species Myco- 
hacterium tuberculosis and Mycobacterium bovis* TTie produce 
of the PabAB activity is 4-axmnoi-4-deo3eychorisinate, and 
NCHgl0956 might encode the lyase, PabC. subsequently convert- 
ing this product vwthin the tetrahydrofolate patlxway iniopara- 
aminobenzoate and pyruvate (3). 

Constmction and analysis of folate auxotrophs. Using the 
appropriate allelic-exchangc vectors, the genes pabAB, 
pahc\ and pahABCy respectively, iwere deleted from the 
chromosome of 13032 A^daA (see Materials and Methods). 
The resulting strains were streakcid on minimal medium 
CGXH without l\irther additions tio assay for their folate 
auxotrophy. However, there was no visible difference in 
growth from that cf wild-type cells. After a subsequent 
transfer onto a further minimal medium plate, colonics were 
somewhat smaller than the controli, but only after a third 
transfer was no growth of strain 13b32A!fdaA^ahABC and 
13Q32As£!aA/!ipahAB apparent, whct-eas there was still lim- 
ited growth of l3032^siUiAApabC (Fig. 2). The growth of all 
three mutants could be fully restored by supplementing ei- 
ther J mM folate or 4-a.minobenzoate. The partial growth of 
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&pabC ^pabAB ApabABC WT 



w/o 
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pAB 
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FIG. 2. Growth of m-utants of C. sltaamicum deJeted of genes of 
folate biosynthesis. Growth of the correspondiogimutaots compared to 
that of the coBtrol (WT) without vitamin addftioo (w/o), pJus 1 mM 
4.aiiunobeDZoate (+pAB). or plus 1 mM folate (+Fdl). AD 6tialns 
were isogenic with respect to sdaA deJetioQ. 



the hpabC mutant could indicate that the substrate of the 
pfifrC-encoded enzytne is also norenzymatlicaJIy converted ir. 
C gluramicum, which is in accord with results reported by 
Tewari et al. (23) showing that the internteehate 4-ajiiino-4- 
deOKychorismate is labile and decomposes spontaneously to 
4- dnDi nobenzoate. 

Growth and L-serine accumulatlrai by "^Si^TAstUiA^ptAABC 
(pserACBy* Based on the observation that the pabABC dele- 
tion was more favorable than that of pabC, C. glutamicum 
li3032^daA6pabABC transformed toi tetracycline resis-. 
tance with pserACB to determine its L-serine production 
capabilities. The resulting strain was cultivated overnight in 
complex brain heart infusion medium and subsequently 
transferred to minimal medium CGXII without any addition 
of folate. After growing for 10 h, cells of this culture were 
used to inoculate the main culture (CGXII) with different 
folate concentrations. The resulting growth curves are 
shoyvn in Fig. 3 (top). Without the addition of folate and 
with the lowest folate concentration of 0,01 mM, growth of 
strain '13Q32^sdaA&pabABC ipserACB) was severely im- 
paired and the growth rate did not exceed 0.3 h~'. The weak 
growth without the addition of folate was due to traces of 
folate stiJl present in the inoculum, since cells taken at the 
end of the cultivation to inoculate a new culture did not 
grow. The addition of 1 mM folate fully restored growth of 
the auxotrophic strain so that it was aimosrt identical to that 
of its ancestor strain, l3032AsciaA (pserACB), and the inter- 
mediate concentrations of 0.1 and 0.25 mM enabled partial 
growth with respect to both rate and final cellular oplical 
density reached. 

Whereas with the control strain 13632^4aA (pserACB), the 
L-serine concentration was in the micronaolar range, with 
13032£isdaACkpabABC (pserACB) and 1 mM folate, up to 1.8 
mM L-scrine accumulated (Fig. 3, bottom). Lowering the fo- 
late concentration to 0.2S mM drastically increased the l- 
serine accumulation to concentrations of up to 60 mM. Even 
further-increased L-serine concentrations, up to 94 mM. were 




SP 75 

Time tljirs] 

FIG. 3. Growth (top) and L-serine prbduction (bottom) of C gfu- 
tamicum nm2SsdaA6fiahABC {pserAC^) in minimal medium con- 
iaining different ibiatc concentrations (O, QtmM; □,0.01 mM; A,ai mM; 

0.25 mM; I mM). The control fstraiiji, 13032A»fai^ (p^/4C5), did 
not receive folate (■). OD, optical density. 



obtained upon reducing the folate concentration to 0.1 mM. 
High lin al L-serine titers were also ol^tained at a concentration 
of 0.01 mM and without folate addition, although this required 
C3ctended production timc^. 

L-Serine accumulation on an increased scale. As is evident, 
reduced folate availability is promisir^g for assaying for L-serine 
formation on a larger scale. In ord6r to also investigate the 
properties of the strain constructed qnder such conditions and 
in a less-defined medium probably more relevant for industrial 
conditions, the performance of straiin 13Q32^daA ApabABC 
(pserACB) was evaluated by using a !20-liter reactor based on 
com steep liquor medium. The medium contained 35 g liter" ' 
solid com steep liquor plus initially IS g liter""' glucose and 
15 g liter"' fructose. The minimum dissolved oxygen concen- 
tration was set to 50% saturation to lensurc no co^en limita- 
tion. As can be seen in Fig. 4, inoculation of the reactor with 
cells derived from the precuJture CG^t enabled rapid growth, 
up to a maximum specific growth rate of 0.25 h"'. L-Serine 
formation occurred from ihe beginning up to a final concen- 
tration of 3^5 mMy suggesting a suittablc folate supply in the 
culture due to com steep liquor use, which can be assumed 
to contain at least trace.«i of folate: The maximum oxygen 
uptake rate was about HO mol liter"' h"', which was 
present at the end of the logarithmic growth of the culture. 
The maximal specific productivity was 1.45 mmol g~' h~', 
and the volumetric productivity was about 1.4 g liter"' h"\ 
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FIG. 4. FcrfoTnianceofCghit(mzicuml2032^!uil^ 
id a 20-licer reactor showing growth (M), the cicciunuiaticin of i.>sertiie 
(▲), the dissolved oxygen (DO) saturation and the oxygen uptake 
rate (OUR) (O). OD. optica] density. 



We did not observe a stability problem with this strain, since 
two further fermentations gave reliable liigh i -serine titers 
with a variation below 10%. 

DISCUSSION 

The SHMT is essential in C glutamicum, as is also the ca&e 
for other organisms (14). Besides glycine, the enzyme activity 
generates the activated one-carbon units required for a num- 
ber of cellular processes, for instance, for the synthesis of 
formylated methionine bound to Ihe initiator tRNA^*', which 
is necessary for translation initiation. This celhUar demand 
cannot be bypassed by external metaboKte addition. Fiurther- 
more, SHMT activity is involved in the generation of a nunnber 
of metabolites and reactions, and it is therefore not suxprising 
that Che total carbon flux cowards L-serine on minimal medium 
with glucose as the substrate amounts to 7.5%^ as estimated for 
C gtu-tamicum (10). Earlier estimates for E, coU detertnined 
that as much as 15% of the carbon assbnilaCed from glucose 
Involves L-serine (15). Due the high demand and its. key posi- 
tion in cellular physiology, L-serine has to be regarded as an 
Intermediate of the central metabolism (20). These aspects 
together might explain the strong selective pressure against 
posseiwion of a genetic construct with an adjustable gfyM pro- 
moter, as we initially used in our studies (13, 14) and where 
mutations became apparent. 

To overcome the stability problem, we generated a folate- 
auxotrophic strain. Although folate is essential, as is SHMT 
activity, the strain can be cultivated without change due to the 
external supply of this vitamin and the absence of identical 
chromosomaJ sequences available for recombination. The fo 
late requirement was visible only after starvation for the vita • 
minby precultivation without adding the vitamin. We similarly 
observed this for pantothenate -auxotrophic strains of C glu~ 
tamicum (13), and it is obviously due to the requiremenl for 
vitamins in very low and catalytic concentrations only. This also 
suggests a low biosynthetic capacity for vitamin synthesis com- 
pared to the synthesis of a central metaholic building block. 
Thus, folate and pantothenate biosynthesis genes are a.%^umed 
to be expressed at a low level compared to gfyA^ the SHK-fF 



gene. Indeed^ enzyme activities point towards this direction, 
since in C glutamicum the pantothenate biosynthesis enzymes 
have specific activities below 1 nrnol min~* cng (procein)"*^ 
(17), and for p-aminodeoxychorisihate synthase in E. coU, a 
comparably law specific activity wi^s also determined (24). In 
contrast, SHMT activity in C. gluiamicum is about 40 nmol 
min""* mg (protein)" ' (14), and the} protein is easily detectable 
in two-dimensional gels (19). Interejstingly, a Northern analysis 
revealed a strong monodstronic message of giyA (data not 
shown), whereas we were unable- to detect a message for 
pahABC, Since ^^yi is separated by just 75 hpivompahAB (Fig. 
1) and no rho -independent tenni^aCor is apparent between 
both genes, this Suggests an interelsting expression control of 
the cluster. 

Two L-serine conversion reactions are recognized in C g/u- 
tamicum whose cellular reduction is the key to achieving l- 
serine accumulation. As our previous studies have shewn, 
SHMT activity clearly has a majot- impact (11. 13, 14). The 
reduction of glyA expression alonje resulted in an approxi- 
niaiel>' 1 niM accumulation of L-seitine (13), which was not the 
case upon deletion of the serine deljydratase gene sdaA. As the* 
present work has shown, limitation bf folate is an ideal tool for 
limiting L-scrinc convcrhion and directing its tiux towards ex- 
tracellular L-serine. Similarly, contrtol of D-pantothenate avail- 
ability is known lo influence the formation of selected amino 
eicids. The basis is that n-pantothetiate is a constituent of oo- 
en^me A, and a reduced ooenzyitie A availability results in 
reduced activity of the pyruvate dflhydrogenase, thus limiting 
pyruvate decarboxylation. This has^ been exhaustively used in 
developing a C glutamicum strain {producing L-valine, which Is 
made up of two pyi-uvate molecult^s (17). It should be noted 
that vitamin limitations in strain constructions are entirely dif- 
ferent from the well-established **p^thway tailoring** by remov- 
ing competing reactions or removin|g bottlenecks (1). The rea- 
son is that at a fixed low vitamin concentration, the cell as a 
catalyst is still active but im proliferation reduced, which might 
affect in many ways the physiology bf the cell. For instance, in 
E. c(Ai a YgfZ protein is preseniii which may be a fblate- 
dependent regulatory protein involved in C-1 metabolism (12), 
and a sinular protein is present in C. glutamicum (NCgl2492)., 
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